THE earliest experiments (1827) on the suture of nerves were those of Flourens.1 It appears that as the result of an experiment, a part of the central nervous system had to relearn its function, for nerve-fibres previously conveying impulses to extensor muscles subsequently carried impulses to a flexor group of muscles and vice versa.
Since the year 1895 surgeons have been uniting the peripheral end of the divided facial nerve to the central end of some other divided nerve of the neck. The recovery of the muscles of the face after such an operation, though often wonderfully satisfactory as compared with the preceding paralysis, was never functionally perfect. To witness the slow restoration of the function of the muscles of the face was such a wonderful experience that surgeons, to speak for myself, were apt at first to ignore certain disabilities associated with these operations.
After the conclusion of the Great War I determined to investigate by the experimental method the question of the best method of operation for facial palsy. Thirty experiments were carried out in which the facial nerve was united to various nerves of the neck. Mr. Lionel Colledge helped me in many of the experiments. At the end of six or seven months, voluntary movement and faradic response were normal in several of the animals. At any rate, scarcely any difference could be detected on comparing the movements and electrical response of the muscles of the two sides of the face. Further, the muscles on both sides of the face contracted together. Nevertheless, when the facial nerve was grafted to the hypoglossal nerve, the descendens hypoglossi nerve, or the glossopharyngeal nerve, associated movements varying from slight closure of the eyelids to contractions involving other muscles of the face and pinna were present.
Such was the stage of the facial palsy problem when I received a long cable from Dr. Arthur Duel of New York - (March 1930) inviting me to carry on surgical research in that country. At Laurelwood, Dr. Duel's country home, eighty miles from New York, in his own surgical laboratory, we commenced again to attack the problem of the operative treatment of facial palsy. We did not arrive at the decision to employ a nerve graft in the Fallopian canal by a sudden inspiration. The method was conceived slowly, after nearly a year of experimentation.
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Some of the experiments were not directly associated with the problem of the cure of facial palsy. For example, those on Louisiana frogs were related to the conduct and fate of nerve-grafts. From all the experiments there was something to learn of value concerning the surgical problem on which we were engaged. The natural sciences are so closely linked together that the investigation of one sheds light on the others.
Before proceeding further, let me point out that there is in the so-called anastomosis operation no such thing as the anastomosis of nerves. The distal segment of the nerve degenerates. In this state it may be described, say at the end of fourteen days, as a bundle of tubes containilng the broken-down fatty elements of the nerve-sheath. The axis cylinders of the central segment of the nerve slide along the tunnels, pushing aside the lipoid masses, till they reach the motor end-organs of the muscle or muscles which had been in connexion with the fibres of the original distal segment. The new fibres thus replace the old and carry the nerve impulses which cause again contraction of muscle-fibre.
The decision to form an intratemporal operation for the cure of facial palsy was strengthened by the consideration that the fundamental principles of surgery demand that an injured nerve, like a wounded artery, should be exposed at the site of injury. In all parts of the body, except where the injured nerve lies in the aqueduct, it is exposed at the site of injury. There is no reason why an exception to a fundamental rule should be allowed.
In man, the complete or radical mastoid operation should be done before the removal of the outer wall of the aqueduct is commenced. When the nerve is injured in the aqueduct during an operation, or when palsy occurs, during the course of acute or chronic otitis, the appropriate operation should be performed at once. Decompression is the obvious treatment to adopt. The facial nerve should be exposed for 4 or 5 mm. above and below the site of injury or disease. In many cases the best plan is to expose the nerve from the geniculate ganglion to the sty]omastoid foramen. In patients a surprising length of damaged nerve has bad to be removed, and to fill the gap often requires a 10 mm., 15 mm., or even a longer graft.
Alt performed decompression in 1908 and his case is a model for all to reflect on.1
He relates an instance in which, on operating on account of cholesteatoma in a woman aged 32, who had complete facial palsy before operation, he found an opening 3 mm. long in the facial canal. He exposed the nerve for some distance above and below this defect, turned it out of the canal, cleansed it by wiping and replaced it in the groove. In seven months the recovery was complete. The important point emerging from Alt's case is that excision of the damaged portion of the nerve and the use of a nerve-graft are not always necessary. The decision of this difficult problem depends on the experience and judgment of the surgeon.
In certain cases of palsy from inflammation of the geniculate ganglion and in certain cases of palsy due to exposure to cold, in which the sheath of the nerve in the vertical portion of the canal becomes inflamed, decompression is the ideal treatment. The outer wall of the aqueduct is removed and, with the utmost care, the sheath of the nerve is slit up.
Dr. Duel and I are not in favour of the type of operation which aims at shortening the course of the nerve by displacing it from the canal. The shortening thus gained is at best 3 mm. The nerve lies across the inner wall of the tympanum. The new bed cannot compare with the old and the vascular connexions in the aqueduct are broken.
The mastoid wound at the close of the operation is not stitched. It is kept widely open. When an accurate length of graft has been inveigled into the aqueduct no suture is required. The graft soon becomes fixed, owing to the coagulation of plasma or by clotting of blood. Dr. Duel and I have usually covered the graft and the exposed nerve for a few days by gold-leaf or gold-foil, so that there should be no chance of drag on the graft region during the renewal of the dressings. The dressing consists of sterilized ribbon gauze moistened with sterilized salt lotion, and it is changed daily. ' Alt, F., Verhandl. d. deutsch. Otol. Gesellach., 1908, xvii, 191. The way in which the brain cortex reassumes control of the facial muscles is best understood by the study of other cases in which the conditions present are somewhat comparable to facial palsy after a remedial operation has been carried out. When the speech centres of the left side of the brain are destroyed in early life the power of speech usually returns. We assume that the dormant centres on the right side of the brain acquire the function that would otherwise belong to the centres of the left cerebral cortex. Here is an illustration of the education of a new centre in the brain for the performance of a function after the usual centre is destroyed.' Is such a case exactly comparable to one of facial palsy for which a remedial operation has been performed ? Do the cells in the facial area of the opposite Rolandic cortex atrophy and become no longer of any service in the case, say, of facial palsy of six months standing ? One can only report that in none of our baboons was there any evidence (by electrical stimulation) that the centre of the opposite cortex had acquired the function of the usual centre. It should be remembered that in the baboons the facial palsy dated from the time of the experimental operation.
The expression of the emotions is the best test as to whether the operation hbs been followed by the harmonious working of the two sides of the face. In the baboon the expression of the emotions such as surprise, fear, anger, remind one of the expression of similar emotions in man, but in the face of the baboon the finest lines of emotional expression are absent. In winking and yawning, and in anger it is clear that in many of our animals the two cerebral hemispheres are working in unison. The two great motor systems, the neokinetic and paleokinetic, have both a functional representation in muscular movements. The paleokinetic and paleostatic systems subserve the funetion of the automatic-associated movements and postures. The early stages of the muscular recovery in facial palsy are in functional relation to the paleo-encephalon. It is only later, when voluntary movement and emotional expression are visible in the face of the baboon, that it becomes clear that the neopallium is taking its part in the recovery of the previously paralysed muscles.
The use of nerve-grafts.-Before I left America Dr. Duel and I had carried out on baboons and rhesus monkeys a long series of experiments in which a portion of the facial nerve in the Fallopian aqueduct was replaced by a fresh nerve-graft. The results of the experiments proved this method to be far superior to the suture of the peripheral end of the divided facial nerve to the central end of some other divided nerve of the neck, in regard to the speed and completeness of recovery of the palsied muscles, and to the absence of associated movements.
But we had the opportunity not only of watching the recovery of the muscles of the face in animals in which the nerve-graft operation had been performed but also of studying the recovery of the face muscles in patients on whom Dr. Duel had carried out the nerve-graft operation.
The next stage in progress is one for which Dr. Duel is in a true sense responsible, i.e. the employment of degenerated grafts instead of fresh grafts. I was unable to continue this particular part of the research at the Royal College of Surgeons because there are no baboons there. This however is of no consequence, for Dr. Duel with wonderful energy and enthusiasm has splendidly demonstrated on numerous monkeys and many patients the surgical value of degenerated grafts.
A degenerated or prepared graft consists of a series of tubes filled with fatty masses due to the breaking up of the sheaths. Through these empty tunnels the axis cylinders slide along, as Dr. Duel tells me, with shocking facility. Cajal was the first to foretell the practical value of the degenerated graft. He writes:
"The ideal graft is the peripheral stump, with bands of Bungner newly taken from an operated animal eight to fifteen days after the operation. (The bands of Bungner are the phase of longitudinal striation, which appears during the degeneration process.) The newly formed fibres travel through the empty sheaths with extraordinary speed, deviations and retrogressions being mueb diminished."' It would seem that Cajal was led to recommend the use of degenerated grafts by the experimental work of Tello, who implanted portions of the sciatic nerve into the cerebral substance.2 Fresh grafts were absorbed while degenerated grafts attracted the nerve-fibres of the brain. These penetrated the open ends of the prepared grafts. Tello states that " The empty channels of the degenerated grafts are especially rich in neurotropic substances, whereas in the normal nerve grafted directly, though not entirely absent, they are liberated very tardily." 3 When I tell you that the use of a degenerated graft may determine the return of faradic excitability in the muscles of the palsied face in the short period of one month, you will agree that a notable advance in the treatment of facial palsy has been made. It is of great importance to appreciate the fact that the earlier the operation is performed, the more perfect will be the recovery. The fresh nervegraft is abolished from surgical practice. Whenever and wherever a nerve-graft is required in surgery a degenerated graft should be employed.
A fresh nerve-graft placed in the aqueduct of Fallopius degenerates in the same manner as if it had been left attached to the peripheral segment of a divided nerve, say for two weeks. In such an experiment it would seem at first sight that the use of a fresh nerve-graft would delay the recovery of the paralysed muscles for only two weeks. But this is not so. A long delay occurs, as compared with what happens when a degenerated graft is inveigled into the aqueduct.. Why is this ? In the first place, a fresh graft is not in an anatomical or physiological state favourable for the passage of axons. Secondly, the fresh graft is a foreign body, which becomes surrounded in two weeks by young fibrous tissue which blocks the ends of the graft, thus forming a barrier to the immediate entrance of axis cylinders. Deviations and retrogressions of the axons take place, and much time is required before they are able to pierce the cork of young fibrous tissue, whereas the axis cylinders can and do enter at once the freshened ends of a prepared graft.
Spontaneous contraction of the muscles of the face in man and baboons.-In 13 of our first series of 22 experiments on baboons, Dr. Duel and I observed spontaneous contractions of the muscles of the face. In eight of the 13 experiments the facial nerve had been grafted to another nerve of the neck. In the remaining five experiments the nerve-graft operation in the aqueduct had been performed.
The spontaneous contractions of the muscles of the face in the baboons are exactly comparable to those that occur in man when the recovery of the paralysis of the face is long delayed and is more or less imperfect. They are the common and permanent result of long-continued medical treatment. Often some muscles remain paralysed, others offer a poor response to faradic stimulation, and still others, notably those around the angle of the mouth, are the victims of spontaneous twitch which has been described as the " winking reflex." The twitch may be rhythmical in time and continuously present, or there may be intervals of quiescence between the rhythmical spasms. The twitch may be only elicited by stroking the eyelids or face. If present, stroking the eyelids increases the spasm. Excitement or fear is the cause of wider excursions of the muscular contractions. It is noteworthy how frequently the risorius muscle is involved in spasm, and this may be so even when no response can be elicited in the muscle to the faradic current applied through the skin.
Light anesthesia may produce the twitch when, during ordinary life, there is no twitch. Anesthesia cuts out the control of the neopallium. " The spasmodic manifestations in the kinetic sphere occur as the result of irritation, or as release phenomena in subordinate motor systems due to loss of higher inhibitory control." 1 If the cerebrum is removed by section of the crura cerebri, the carotid arteries being clamped to avoid hoemorrhage, the spasms of the facial muscles become still more exaggerated; the monkey continues to breathe and live on its brain-stem. This experiment demonstrates that " the paleo-encephalon, represented by the corpus striatum and optic thalamus, which constitute the higher co-ordinating sensory and motor mechanisms of the lower form, of life," has, like the neoencephalon, some control over the facial spasms, and therefore the removal of the paleo-encephalon is associated with wider and more marked muscular spasm.
We now come to the study of " the segmental nervous system which contains the reflex systems of the neuro-axis, and is the archaic representation in man of the nervous reactions of the lowest forms of life" for the explanation of the spontaneous muscular contractions.
We know that section of the trunk of the facial nerve is associated with regressive changes in the pyramid cells of the facial area of the opposite Rolandic cortex. Are there also regressive changes in the cells of the facial nucleus in the medulla? I am able to demonstrate to you that such changes do occur. I believe that they are the essential cause of the muscular spasms of the face which I have observed in man and monkeys. The spasms are really local epileptic phenomena which are caused by disorder of cell function. They are never the result of obstruction to the passage of nerve impulses travelling along nerve-fibres.
A localized epileptic spasm may be due to various causes. I remember a case in which I performed a craniectomy in the expectation of exposing a cerebral tumour.
There was no tumour to be seen, but there was a small scar on the cortex cerebri. I watched the cortex. The brain around the scar became alternately pale and rosecoloured. The vascular disturbance in the region of the damaged cells of the cortex was the cause of the local spasm.
What happens when there are degenerative changes in the cells of the medullary facial nucleus? Around a degenerating cell, tissue and vascular changes occur. A living and active cell requires more blood than a sick cell. We must look to the disorder of the cells of the facial nucleus, surroulnded as they are by vascular changes, for the essential cause of the local spasm of the face muscles.
Neither Dr. Duel nor I have observed, after operations on patients with paralysis of the face, any spasm of the muscles, yet as already mentioned, in 13 out of 22 experimental operations, the animals exhibited this symptom. Wherein lies the difference in this respect between man and monkey? In the baboon, the facial palsy is recent. It dates from the time of operation.
With the section of the facial nerve,the cells of the facial area of the opposite Rolandic cortex and the cells of the facial nucleus in the medulla commence to degenerate. The degeneration process ceases at any rate in the cells of the cortex if the operation is followed by the passing of nutritional impulses within a reasonable time to the paralysed muscles. The cells slowly regenerate. During all the time of degeneration and of regeneration the cells are in a state of physiological disorder. They are in unstable equilibrium. This, I believe, is the explanation of the spasm symptom. Now compare the condition of the facial medullary nucleus of a patient with facial palsy with that of the cells of the facial nucleus of one of our experimental animals. In man, the operation for the cure of facial palsy is often delayed for many months, or even years, in the vain hope of recovery from the palsy without operation. The cells of the facial medullary nucleus are atrophied. Tissue and vascular activity are in a state of stable equilibrium. There are no degenerating processes going on and no associated vascular changes proceeding. This appears to be an ample explanation of the fact that in man facial spasm following a remedial operation is not observed. If Dr. Duel and I had severed the trunk of the facial nerve in a baboon and allowed the face to remain paralysed for, say six months before the curative operation was carried out, it is probable that in this experiment muscular recovery would have been recorded without facial spasm. The twitch or spasm has a periodicity or rhythm. Though respiration is the best example of rhythmic action, it is not improbable that all living processes are more or less rhythmic in action. " The respiratory centre is capable of beating with its own inherent rhythm. Its cells are not simply passive agents only controlled by afferent messages."' The muscular spasms described above may be looked upon as due to an arrhythmia of cerebral cell activity.
Experiences with Fascia Lata Grafts in the Operative Treatment of Facial Paralysis.
By Sir HAROLD GILLIES, C.B.E., F.R.C.S.
Objects of the operation.-This type of operation must not be confused with nerve-grafting, which one hopes will eventually become so successful that few, if any, cases of paralysis will remain uncured.
It is essentially a palliative operation and, like a cock-up splint to a cut musculospiral, it serves as an internal grafted surgical splint to counteract the overaction of the opposing muscles. In addition to this surgical stay effect the loops of fascia are now attached to muscles other than the facial, such as the temporal and masseter; and when these muscles are voluntarily contracted a movement simulating facial expression is produced. Emotional response is, of course, out of the question unless an intensive training is ever found to produce an associated movement.
Points of interest in a r6su?rnd of previous work.-The use of transplanted fascia lata has now had a sufficiently extensive trial in other conditions to prove its worth as a means of support in facial paralysis. The experimental work of Gallie and Le Mesurier [1] first established it as a reliable method of cure of extensive hernia and for their purpose the fascia was obtained in strips through a long incision in the thigh. The method of obtaining the fascia was later modified by Masson of the May6 Clinic and others who used a more convenient form of ring-stripper and cutter necessitating only a tiny incision in the leg, and thus avoiding a long and unsightly , have all recorded their experiences with the type of operation in which fascia lata bands form a fixed support. The improvement in facial symmetry is marked, and subjectively the patient is usually much more comfortable. No movement on the paralysed side is developed, though not infrequently the amount of recovery which sometimes occurs is hastened by the support given to the paralysed muscles. In the second method a certain degree of support and, in addition, muscular movements are obtained by means of the transplantation of the muscles of mastication into the paralysed parts. The temporal muscle, with or without the addition of the masseter, is split into segments; each with a nerve supply, and is implanted into suitable positions. The manoeuvre, as described by Eden [10] , Gillies [ii] and by Lexer [9] and Rosenthal, has been favourably reported on by Halle [13] and
